The electronic band structure in the epitaxial Fe/MgO/GaAs(001) tunnel junction has been studied by X-ray and ultraviolet photoelectron spectroscopy measurements. The Schottky barrier height (SBH) of Fe on MgO/GaAs heterostructure is determined to be 3.3±0.1eV, which sets the Fe Fermi level about 0.3eV above the GaAs valence band maximum. This SBH is also exactly the same as that measured from Fe on MgO monocrystal. After Fe deposition, no band bending change is observed in MgO and GaAs underlayers. On the contrary, Au and Al deposition lead to clear variation of the band bending in both MgO and GaAs layers. This effect is analyzed as a fingerprint of defects states at the MgO/GaAs interface.
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Significant research effort has been devoted to study the spin injection from a transition metal into semiconductors, due to the large panel of potential applications in the field of sensors, logical devices, or memories. 1 It is now appreciated that the use of a tunnel barrier between the ferromagnetic metallic electrode and the semiconductor can lead to high efficiency spin injection. 2, 3 Recently, a CoFe/MgO(001) tunnel injector has been used for room-temperature highly spinpolarized current injection into GaAs. 4 Due to its relative ease of preparation and thermal stability, 4, 5 the CoFe/MgO/GaAs(001) solid state spin injector appears as a very promising candidate for future spintronic applications. To completely understand tunnel spin injection in the Fe/MgO/GaAs system, the electronic band-structure of this model system should be first precisely known. In this letter a combined X-ray and ultraviolet photoelectron spectroscopy (XPS and UPS) study is used to determine the band-structure lineup of the Fe/MgO/GaAs(001) heterostructure. The
Schottky barrier height (SBH) at the Fe/MgO interface and the band bending in the MgO barrier are especially measured.
The epitaxial Fe/MgO/GaAs(001) samples were grown by molecular beam epitaxy (MBE).
Details about the preparation of the MgO/GaAs(001) samples can be found elsewhere. 6 Briefly, 3nm thick MgO(001) layers were grown on Si n-doped (4  10 16 cm -3 ) GaAs As(2 4) surface at room temperature (RT) by evaporation of high purity MgO powder. After MgO growth, the samples were annealed under ultra-high vacuum at 600 o C for 20min. Finally, a 2nm thick Fe(001) layer was epitaxially grown at RT on the annealed MgO/GaAs heterostructure. MgKα (1253.6eV) was used as the X-ray source and HeI (21.2eV) resonance line provided the UPS source for photoemission experiments. The total energy resolutions were about 800meV and 100meV for XPS and UPS, respectively. In this paper, the Schottky barrier height is measured on the Fe/MgO/GaAs (001) metal/insulator/semiconductor (MIS) sample. To determine the SBH ΦBS of Fe on MgO (the Fe
Fermi level (FL) position with respect to the MgO conduction band minimum (CBM)), the MgO
O2s core level position is used as a reference peak: has already been carefully determined to be 18.06eV, 6 the SBH ΦBS can be deduced from the measurement of ΔEFC. The Fe FL position is taken at the maximum slope of the rising edge of the primary valence electrons. In addition, the Fe FL position of the sample on MgO monocrystal is aligned to that of 4 the MIS sample to be able to compare their O2s positions. It is interesting to note that their O2s core levels are located exactly at the same position. As a result, the distance ΔEFC is measured to be 
The SBH value is found to be the same for Fe on MgO/GaAs as for Fe on MgO monocrystal.
Combining with the result of MgO/GaAs valence band offset, it is found that the Fe Fermi level lies about 0.3eV above the GaAs VBM.
In Fig. 2 , it is also found that the O2s and Ga3d peak positions nearly do not change before so that the distance between O2s and Ga3d core levels changes after different metals deposition.
The clear shift of O2s position after Au and Al deposition indicates that the defects density at the metal/MgO interface is too low to pin the Fermi level, which position shows a clear trend with the metals electronegativities as will be discussed below. In addition, the shift of Ga3d core levels also indicates that the Fermi level is not totally pinned on the defects states at the MgO/GaAs interface. formation mechanisms 10, 11 on MgO including quantitative analysis of the SBH dependence versus metals electronegativities will be published elsewhere. 9 Finally, the formation of the complete MIS structure implies that the FLs at the MgO/GaAs and metal/MgO interfaces equalize at thermal equilibrium. This equalization is possible thanks to charge transfer in the structure creating the necessary dipoles equilibrating the FLs. In the case of 
